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(54) EXHAUST VALVE OPERATION CONTROLLER FOR INTERNAL COMBUSTION 
ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To quickly increase the 
temperature of a catalyst to an activation temperature 
without causing any reductions in the intake efficiency of 
an engine in the exhaust valve operation controller of an 
internal combustion engine. a 
SOLUTION: When there is a request to increase the 
temperature of exhaust purifying catalyst, an exhaust 
valve operation varying means 60A is controlled by a 
control means 20, an exhaust valve is temporarily 
opened separately from the operation of the exhaust 
valve during an exhaust process after ignition and before 
the end of an expansion process, the exhaust gas of a 
temperature higher than that of exhaust gas during the 
exhaust process is discharged, and the temperature of 
the exhaust purifying catalyst is quickly increased to an activation temperature allowing a 
purifying function to be exhibited. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is used for the vehicles which offered the 
catalyst for exhaust air purification, and relates to the suitable exhaust air valve-action control unit of an 
internal combustion engine. 
[0002] 

[Description of the Prior Art] The catalyst for exhaust air purification (catalytic converter for exhaust air 
purification) is prepared in the flueway that the injurious ingredient (nitrogen oxide) of HC 
(hydrocarbon), CO (carbon monoxide), NOX, etc. of non-** contained in the exhaust gas of engines, 
such as a gasoline engine, should be purified conventionally. 

[0003] Since the catalyst for exhaust air purification (it is only henceforth called a catalyst) was not able 
to demonstrate sufficient exhaust air purification function unless temperature generally rises to a 
predetermined activity temperature field, it was a technical problem what the temperature up of the 
catalyst is carried out at an early stage to an activity temperature field. By carrying out the tooth lead 
angle of the phase of an exhaust cam to JP,5-96444,U from the usual position, and opening an exhaust 
valve at an early stage there, hot combustion gas is discharged and the technology which attained early 
activation of a catalyst by this exhaust gas is proposed. 
[0004] 

[Problem(s) to be Solved by the Invention] However, if inhalation-of-air efficiency is taken into 
consideration in order to make an exhaust valve closed at an early stage and to decrease overlap (state 
which both the exhaust valve and the inlet valve opened), when carrying out the tooth lead angle of the 
phase of an exhaust cam as mentioned above, a limitation will produce naturally the amount of tooth 
lead angles of the phase of an exhaust cam. 

[0005] Therefore, with above-mentioned technology, hot exhaust gas cannot fully be supplied to a 
catalyst, but the problem that a catalyst requires time for reaching an activation temperature arises, 
moreover — between the phase of usually exhaust air with above-mentioned technology, and the phases 
of early exhaust air — drivability — taking into consideration — a phase change — gradually — **** — 
since it cannot carry out, the responsibility of operation change control of an exhaust valve will be bad, 
and will become the cause by which a catalyst can carry out activity also of this point at an early stage, 
and there is in it [ no ] 

[0006] It was originated in view of such a technical problem, and this invention aims at offering the 
exhaust air valve-action control unit of an internal combustion engine it enabled it to raise the 
temperature of a catalyst to an activation temperature promptly, without causing aggravation of the 
inhalation-of-air efficiency of an engine. 
[0007] 

[Means for Solving the Problem] for this reason, in the exhaust air valve-action control unit of the 
internal combustion engine of this invention according to claim 1 When there is a temperature up 
demand of the catalyst for exhaust air purification, an exhaust air valve-action adjustable means is 
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controlled by control means. Apart from [ an exhaust air line ] the operation of the exhaust valve at the 
time, it is after ignition and the valve-opening operation of the exhaust valve is temporarily carried out 
before an expansion-stroke end, an exhaust air line discharges hot exhaust air rather than the exhaust air 
at the time, and the temperature up of the catalyst for exhaust air purification is made to carry out at an 
early stage even to the activation temperature which can demonstrate a purification function. 
[0008] 

[Embodiments of the Invention] Hereafter, it explains, referring to drawing 1 - drawing 6 about the 
exhaust air valve-action control unit of the internal combustion engine as 1 operation gestalt of this 
invention. As it is the four stroke cycle engine offered into a 1 operation cycle and each distance of 
inhalation of air, compression, expansion, and exhaust air is shown in drawing 2 , the engine in this 
operation gestalt is constituted as a cylinder-injection-of-fuel type internal combustion engine (cylinder- 
injection-of-fuel type gasoline engine) which injects direct fuel and is burned by jump spark ignition in a 
cylinder, and is constituted as a cylinder-injection-of-fiiel type gasoline engine of a V type especially 
here. 

[0009] And the inhalation-of-air path 2 and a flueway 3 are connected to a combustion chamber 1, and 
free passage control of the inhalation-of-air path 2 and the flueway 3 is carried out by inlet- valve 4B and 
exhaust valve 4A in a combustion chamber 1, respectively. Moreover, the catalyst 6 for exhaust air 
purification (it is only henceforth called a catalyst) which the air cleaner and throttle valve which are not 
illustrated are prepared in the inhalation-of-air path 2, and removes the injurious ingredient in exhaust 
gas in a flueway 3 and the muffler which is not illustrated (silencer) It is prepared. 
[0010] Moreover, 8 is an injector (fuel injection valve), and that fuel should be injected directly towards 
the combustion chamber 1 in a cylinder 32, it is arranged so that a combustion chamber 1 may be made 
to face the opening. Moreover, as for an injector 8, the operation is controlled based on the signal from 
the electronic control unit (ECU) 20 as control means. Here, good change valve-system (VVT) 60A as 
an exhaust air valve-action adjustable means whose switch of the operating state (valve-opening timing 
and the amount of lifts) of exhaust valve 4A is enabled is offered on exhaust valve 4A. On the other 
hand, valve gear 60B which always carries out the valve-opening drive of the inlet- valve 4B to fixed 
timing is offered on inlet- valve 4B. 

[001 1] And by switching and controlling the operating state of this good change valve-system 60A 
Usually, in addition to the valve-opening drive like an exhaust air line performed, are after ignition and 
the valve-opening drive of the exhaust valve 4A is carried out before an expansion-stroke end (here 
inside of an expansion stroke). Thereby, rather than the time, hot exhaust gas can be discharged by the 
flueway 3, and an exhaust air line can raise the temperature of a catalyst 6, and can perform early 
activation now. Henceforth, the exhaust air in such an expansion stroke is called sub exhaust air. 
[0012] In addition, as the mode in which sub exhaust air is performed, there are two kinds in the mode 
(the 1st mode) in which sub exhaust air is performed independently, and the mode (the 2nd mode) in 
which sub exhaust air is performed with additional fuel injection, and each of these modes are switched 
according to the operation mode of an engine so that it may mention later. And among all the cylinders 
offered on an engine, it can be constituted from this operation gestalt by the half cylinder so that only 
1st mode can be performed, and only the 2nd mode can be performed now about the cylinder of the 
remaining moieties. 

[0013] Moreover, the timing which was suitable for performing sub exhaust air in the 1st mode and 2nd 
mode differs slightly, and it is constituted from good change valve-system 60A of a cylinder which can 
perform the 1st mode, and good change valve-system 60A which can perform the 2nd mode by this 
operation gestalt so that the properties may differ so that sub exhaust air may be performed to suitable 
timing in each mode. 

[0014] Moreover, the 1st mode and the 2nd mode are constituted so that only one of the modes may be 
performed alternatively. It becomes only the cylinder of the moiety of an engine to perform sub exhaust 
air by this, and the rapid fall of an engine torque is prevented. That is, it is made for the rapid fall of an 
engine torque not to produce performing sub exhaust air, when leading to loss of an engine torque, 
therefore performing the temperature up of a catalyst 6, since discharging exhaust gas in an expansion 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



11/24/2003 



Page 3 of 10 



stroke is making the combustion gas which depresses the piston 31 in a cylinder and is made to generate 
an engine torque discharge at an early stage only as a cylinder of the moiety of an engine. 
[0015] In addition, about good change valve-system 60A and valve gear 60B, it mentions later. By the 
way, as shown in drawing 1 and drawing 2 , the various sensors of degree sensor of catalyst temperature 
3 A, the cooling coolant temperature sensor 71, the accelerator position sensor (APS) 72, the crank angle 
sensor 73, an idle switch 74, and cam angle sensor 75 grade are formed in this engine, and the detecting 
signal from each sensor is sent to ECU20. 

[0016] Degree sensor of catalyst temperature 3 A is prepared in the catalyst 6, and detects the 
temperature TWC within a catalyst 6 (the degree of catalyst temperature). Moreover, it is inserted in 
water-jacket 30B prepared in the cylinder block between a right bank and a left bank, and the cooling 
coolant temperature sensor 71 is the cooling water temperature TW of an engine. It detects. Moreover, 
the accelerator position sensor 72 is accelerator opening thetaA as an engine load. It detects. And the 
crank angle sensor 73 is formed in a crankshaft 5, and detects an engine speed Ne. Moreover, an idle 
switch 74 outputs the idle detecting signal P at the time of an idle state. 

[0017] Moreover, injecting fuel in a compression stroke, generating the inhalation-of-air style which 
flowed in the combustion chamber 1 in the style of a longitudinal vortex (reverse tumble flow) as the 
operation mode, with this engine, using crevice 31 A of piston 31 top face, and using this longitudinal 
vortex style The super-RIN operation mode which operates in the state of the stratified combustion 
which brought spraying of fuel together in about seven ignition plug, and was stabilized in it 
(compression RIN operation mode), the inside of an intake stroke ~ fuel ~ injecting » the inside of a 
combustion chamber 1 - abbreviation - a uniform gaseous mixture - with the RIN operation mode 
(inhalation-of-air RIN operation mode) which is made to carry out a premixed combustion in the state, 
and operates in the thin state of fuel The strike IKIO operation mode which performs feedback control 
based on 02 sensor information etc. so that an air- fuel ratio may become near the theoretical air fuel 
ratio (strike IKIO feedback operation mode), The enrichment operation mode (open loop mode) which 
performs operation in the ****** state (that is, an air-fuel ratio theoretical air fuel ratio smallness) of 
fuel is prepared. And in ECU20, based on the detection information from each sensor, set up the 
operation mode of an engine and it sets at the time of an idle. Cooling water temperature TW On the 
other hand, it sets during a vehicles run as it becomes low. It is chosen in order of compression RIN 
operation mode, inhalation-of-air RIN operation mode, strike IKIO feedback operation mode, and an 
open loop mode, respectively as the effective pressure Pe which shows an engine speed Ne and loaded 
condition becomes high. In addition, an effective pressure Pe is an engine speed Ne and accelerator 
opening thetaA. It is computed from each information. 

[0018] In addition, operation by super-RIN operation mode and RIN operation mode is called RIN 
operation, operation by strike IKIO operation mode is called strike IKIO operation (theoretical-air-fuel- 
ratio operation), and operation by enrichment operation mode is called rich operation. Next, when the 
important section function of this invention is explained referring to drawing 2 with drawing 1 and there 
is a temperature up demand of a catalyst 6 (with this operation gestalt) The degree TWC of catalyst 
temperature detected by degree sensor of catalyst temperature 3 A is the predetermined temperature 
TWC0. At the time of a low According to an operation situation, an operation with good change valve- 
system (exhaust air valve-action adjustable means) 60A and the injector 8 of exhaust valve 4A is 
controlled by ECU20, and early activation of a catalyst 6 is attained. 

[0019] That is, the degree TWC of catalyst temperature is the predetermined temperature TWC0. Since 
a catalyst 6 cannot demonstrate sufficient exhaust air purification function to a low case, at the time of 
rich operation or strike IKIO operation, the 1st mode performs only sub exhaust air by the control 
command from ECU20, and the 2nd mode performs additional fuel injection and sub exhaust air at the 
time of RIN operation. Thereby, hot exhaust gas is made to discharge rather than the exhaust gas by 
which the more usual exhaust air line is discharged in inside, and the temperature up of the catalyst 6 is 
carried out at an early stage even more than the activation temperature which can demonstrate sufficient 
exhaust air purification function. 

[0020] In addition, predetermined temperature TWC0 When control delay is taken into consideration, it 
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is more desirable than an activation temperature (lower limit of the activation field of a catalyst 6) to set 
up only the predetermined temperature alpha highly. For this reason, it is the predetermined temperature 
TWCO here. The predetermined temperature alpha should be applied to the activation temperature 
(predetermined temperature TWCO = activation-temperature + predetermined temperature alpha). Here, 
independently [ additional fuel injection ], fuel injection for the main combustion which generates an 
engine torque (main injection) is performed by the injector 8 according to the control command from 
ECU20 into an expansion stroke for the purpose of elevated-temperature- izing of the combustion gas in 
a cylinder, and the fuel (additional fuel) by which additional injection was carried out is lit by the flame 
propagation of the main combustion. However, since the air for combustion (additional combustion) of 
additional fuel is needed in addition to air required to main-burn, additional ftiel injection can be 
performed only at the time of RIN operation which is in the state of the excess of air to a main fuel. 
[0021] Moreover, as mentioned above, sub exhaust air discharges a part of combustion gas from the 
inside of a cylinder also in an expansion stroke as independently as an exhaust air line. That is, although 
the combustion gas for which an ignition plug 7 is lit just before an expansion-stroke start and which 
expands rapidly depresses a piston 3 1 and an engine torque is generated, the temperature of combustion 
gas falls according to this expansion. Then, the exhaust air line is made to exhaust in an expansion 
stroke compared with the combustion gas in the cylinder at the time that combustion gas with high 
temperature with the low degree (expansion ratio) of expansion should be supplied to a catalyst 6 (sub 
exhaust air). 

[0022] In addition, when sub exhaust air is performed, properly speaking, the combustion gas which 
should depress a piston 31 to a bottom dead point is discharged from the inside of a cylinder at an early 
stage, and the fall of an engine torque arises. At the time of the idle of an engine, although there is little 
influence of a fall of such an engine torque, since the fall of this engine torque becomes what cannot be 
disregarded, about under a vehicles run, the main injection of the fuel of the amount adding the part with 
which the fall of an engine torque is compensated is carried out by a next intake stroke or a next 
compression stroke. 

[0023] Next, control of sub exhaust air and additional fuel injection is explained, referring to drawing 2 
with drawing 3 . With this operation gestalt, when the temperature up (early activation) of a catalyst 6 is 
required, as mentioned above, sub exhaust air is performed at the time of rich operation or strike IKIO 
operation, and at the time of RIN operation, sub exhaust air and additional fuel injection are combined, 
and are performed. 

[0024] First, the sub exhaust air performed at the time of rich operation or strike IKIO operation when a 
catalyst 6 needs to be early activated is explained. At the time of rich operation or strike IKIO operation, 
a fuel-injection signal is inputted into an injector 8 from ECU20 into an intake stroke, and an injector 8 
injects fUel in a combustion chamber 1 in the meantime. In addition, this fuel injection is the fuel 
injection for the main combustion, i.e., the main injection. 

[0025] On the other hand, the gaseous mixture in a compression stroke and in a combustion chamber 1 
is compressed by elevation of the piston 31 accompanying rotation of a crankshaft 5, and the 
temperature in a combustion chamber 1 (temperature in a cylinder) rises according to the compression 
ratio of the gaseous mixture in the combustion chamber 1 with a piston 3 1 . And in the compression 
stroke last stage which the fuel injection from an injector 8 ended, an ignition signal is inputted into an 
ignition plug 7 from ECU20, and an ignition plug 7 performs ignition to the gaseous mixture in a 
combustion chamber 1. 

[0026] By combustion of a gaseous mixture, the temperature in a combustion chamber 1 rises rapidly 
with the pressure in a cylinder, and serves as the maximum (for example, 1000 degrees C or more) in the 
place where the position of a piston 31 passed the top dead center (TDC:Top Dead Center) slightly. 
Moreover, elevation of the pressure in the combustion chamber 1 accompanying this combustion is 
outputted from a crankshaft 5 as an engine torque. And with reduction of the cylinder internal pressure 
in this expansion stroke, if a piston 31 crosses a top dead center, although it will change from a 
compression stroke to an expansion stroke, as ** shows in drawing 3 , the temperature in a combustion 
chamber 1 descends. 
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[0027] In order to activate a catalyst 6 at an early stage, it is necessary to raise the main temperature of a 
catalyst 6 to an activation temperature (for example, about 570 K) promptly. However, though the 
temperature in a combustion chamber 1 reaches an elevated temperature by the main combustion, since 
the temperature of combustion gas falls gradually with expansion of volume by the subsequent 
expansion stroke, with this, it can set like an exhaust air line, hot exhaust gas cannot be supplied to a 
catalyst 6, and a catalyst 6 cannot be activated at an early stage. 

[0028] Then, the degree TWC of catalyst temperature which degree sensor of catalyst temperature 3 A 
detected with this engine is lower than the predetermined temperature TWC0 (predetermined 
temperature TWC0 = activation-temperature + predetermined temperature alpha). And at the time of 
rich operation or strike IKIO operation, good change valve-system 60of exhaust valve 4A A is operated, 
and it is made to perform sub exhaust air by the control command of ECU20 by the timing and the cam 
profile which are shown by ** in drawing 3 . 

[0029] That is, since the temperature of the combustion gas in a cylinder falls with the increase in an 
expansion ratio, an exhaust air line opens exhaust valve 4A in an early expansion stroke, and it is made 
to discharge [ a line ] combustion gas also for a twist to a flueway 3 to the inside of an elevated 
temperature. Next, the sub exhaust air and the additional fuel injection which are performed at the time 
of RIN operation when a catalyst 6 needs to be early activated are explained. 
[0030] At the time of RIN operation, it is possible to burn the fuel in which additional injection is 
carried out into an expansion stroke by the air for this excess, and to carry out the temperature up of the 
combustion gas to a main fuel, since the air content is superfluous. For this reason, it is combining with 
additional fuel injection and performing sub exhaust air, and enables it to perform further early 
activation of a catalyst 6 about the time of RIN operation with this operation gestalt. 
[0031] That is, the initiative is taken in the sub exhaust air performed by the timing and the cam profile 
which are shown by ** in drawing 3 , and additional fuel injection (expansion- stroke injection) is 
performed by the control command of ECU20 with an injector 8 in the first half of an expansion stroke. 
And the additional fuel injected directly into the combustion chamber 1 is lit by the flame propagation of 
the main combustion rather than is lit with an ignition plug 7, and burns at low temperature 
comparatively compared with the main combustion, and as this shows by ** in drawing 3 , combustion 
gas carries out a temperature up. And while making a flueway 3 discharge this combustion gas by which 
the temperature up was carried out in an expansion stroke by the sub exhaust air performed after that, 
also set it like an exhaust air line, and hot exhaust gas is made to discharge, and the early temperature up 
of a catalyst 6 has come be made. 

[0032] In addition, since it is desirable to perform sub exhaust air after additional fuel injection when 
performing sub exhaust air with additional fuel injection in this way, the timing of a sub exhaust air start 
is late rather than the case where only sub exhaust air is performed without performing additional fuel 
injection. Moreover, the energy generated by combustion of additional fuel is chiefly used for the 
temperature rise in a combustion chamber 1, without being changed into elevation of the pressure in a 
combustion chamber 1. Therefore, an engine torque is not changed with this additional fuel. 
[0033] Next, good change valve-system 60A and valve gear 60B are explained. As mentioned above, 
about exhaust valve 4A, good change valve-system 60A is offered, valve gear 60B is offered about inlet- 
valve 4B, respectively, and good change valve-system 60A consists of these operation gestalten like 
what was indicated by the publication-number No. 33719 [ six to ] official report, for example so that it 
might mention later. 

[0034] Specifically, as shown in drawing 4 and drawing 5 (A), good change valve-system 60of exhaust 
valve 4 A A offers the cams 12A and 13A prepared in cam-shaft 1 1 A which rotates corresponding to 
rotation of the crankshaft 5 (refer to drawing 2 ) of an engine, and the rocker arms 14A and 15A driven 
by these cams 12A and 13 A, and is constituted. 

[0035] Cam 12A is a main cam which carries out the valve-opening drive of the exhaust valve 4 A to 
carry out like the usual exhaust air line here, and, on the other hand, for cam 13 A, the temperature TWC 
within a catalyst 6 (refer to drawing 2 ) is the predetermined temperature TWC0. In order to perform 
early activation of a catalyst 6 only within the time of a low, it is the sub cam which can carry out the 
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valve-opening drive of the exhaust valve 4 A into an expansion stroke. Moreover, rocker- arm 14A is a 
main rocker arm driven by main cam 12 A, and rocker-arm 15A is a sub rocker arm driven by sub cam 
13 A. 

[0036] On the other hand, valve gear 60of inlet- valve 4B B is the thing of a mechanism without the part 
which accompanies a sub cam, a sub rocker arm, and them to good change valve-system 60A, as shown 
in drawing 4 . That is, cam 12B which carries out the valve-opening drive of the inlet- valve 4B to 
perform an intake stroke, and rocker-arm 14B driven by this cam 12B are offered, and cam 12B is 
prepared in cam-shaft 1 IB which is interlocked with rotation of the crankshaft 5 of an engine and 
rotates. Thereby, the valve-opening drive of the inlet-valve 4B is depressed that is, carried out through 
rocker-arm 14B by cam 12B which is interlocked with a crankshaft 5 and rotates in a predetermined 
rotation position. 

[0037] Here exhaust valve 4 A and inlet- valve 4B of this operation gestalt It is set up so that it may 
become the cam profile shown in drawing 3 . the phase contrast of main cam 12of exhaust valve 4A A, 
and cam 12of inlet-valve 4B B For example, in a crank angle, it is set as about 210 degrees (it sets on a 
cam square and is about 105 degrees), and main cam 12of exhaust valve 4A A and sub cam 13A are 
attached so that it may have predetermined phase contrast deltatheta (refer to drawing 3 ) in a crank 
angle. 

[0038] Moreover, as mentioned above, about a moiety, sub exhaust air can be performed among the 
cylinders offered on an engine at the time of rich operation or strike IKIO operation, and sub exhaust air 
can be performed with additional fuel injection about the remaining moieties at the time of RIN 
operation. For this reason, as shown in drawing 3 , the timing which performs sub exhaust air for every 
cylinder of these moieties differs. Therefore, by sub cam 13A installed in the cylinder which can 
perform sub exhaust air at the time of rich operation or strike IKIO operation, and sub cam 13A installed 
in the cylinder which can perform sub exhaust air with additional fuel injection at the time of RIN 
operation, above-mentioned phase contrast deltatheta also differs with some, and is set up. 
[0039] Moreover, the maximum lift LS of sub cam 13 A And period (valve-opening period) thetaS 
carries out the valve-opening drive of the exhaust valve 4 A The maximum lift LM of main cam 12A 
And valve-opening period thetaM It is set up so that it may compare and may become small, and 
whether the valve-opening drive of the exhaust valve 4A is carried out by sub cam 13A or sub exhaust 
air is performed that is, a part of combustion gas in a cylinder is discharged by the flueway 3. 
[0040] In addition, in drawing 3 , the lift of sub cam 13A is exaggerated and shown, and becomes a 
thing smaller than what was illustrated in fact. Drawing 5 (A), (B), and (C) explain good change valve- 
system 60A to a detail further. It becomes 2 pairs and exhaust valve 4A is offered, as shown in drawing 
5 (A), and good change valve-system 60A which drives exhaust valves 4A and 4A has offered the cams 
12A and 13A prepared in cam-shaft 1 1 A as mentioned above, and the rocker arms 14A and 15A driven 
by these cams 12A and 13 A. 

[0041] Rocker arms 14A and 15A are all rocker arms with a roller, rocker-arm 14A is a main rocker arm 
directly concerning the opening-and-closing drive of these exhaust valves 4A and 4A in contact with 
exhaust valves 4A and 4A, and rocker-arm 15A is a sub rocker arm indirectly involved in the opening- 
and-closing drive of these exhaust valves 4 A and 4A, without contacting exhaust valves 4A and 4 A. 
[0042] Main rocker- arm 14A is prepared in the rocker shaft 16 at one, as shown in drawing 5 (B) and 
(C). This rocker shaft 16 is supported pivotably by bearing 30A prepared in the cylinder head 30 (refer 
to drawing 4 ) of an engine etc., and main rocker-arm 14A can circle now in it focusing on a rocker shaft 
16. 

[0043] The main roller 18 which may contact main cam 12A is offered on the pars intermedia of main 
rocker-arm 14 A. This main roller 18 is supported pivotably by shaft 18A supported to revolve by the 
pars intermedia of main rocker-arm 14 A, and may have comes to rotate smoothly. According to such 
structure, rotating with cam-shaft 1 1 A, main cam 12A contacts the main roller 18 in a predetermined 
rotation position, and carries out the valve-opening drive of the exhaust valves 4A and 4A periodically 
through main rocker-arm 14 A. 

[0044] On the other hand, in the tubed base 62, sub rocker-arm 15A is supported to revolve so that it can 
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rotate to a rocker shaft 16 (getting it blocked main rocker-arm 14A), and it has offered the sub roller 19 
which may contact the rocking edge 61 at sub cam 13 A. This sub roller 19 is also supported pivotably 
by shaft 19A supported to revolve by the rocking edge 61 of sub rocker-arm 15 A, and may have comes 
to rotate smoothly. 

[0045] Between this sub rocker-arm 15A and rocker shaft 16, the oil pressure piston mechanism 17 is 
established as mode means for switching which can switch the mode (mode in which it does not 
coordinate) which sub rocker-arm 15A can be rotated and does not carry out coordinated operation with 
main rocker-arm 14A to a rocker shaft 16, and the mode (coordinated mode) which sub rocker-arm 15A 
a rocker shaft 16 and really rotates, and carries out coordinated operation with main rocker-arm 14A. 
[0046] The oil pressure piston mechanism 17 as these mode means for switching has offered piston 17A 
arranged in the piston interior of a room formed in the rocker shaft 16 movable in the diameter direction 
of a rocker shaft 16, as shown in drawing 5 (B) and (C). And if a hydraulic oil is drawn from oilway 
16A formed in the axial center portion of a rocker shaft 16, as shown in drawing 5 (C) Piston 17A drives 
to upper part] in point side [ drawing 5 (B) and (C), and on the other hand, if supply of a hydraulic oil is 
severed, as shown in drawing 5 (B), piston 17A will drive to lower part] in end face section side 
[ drawing 5 (B) and (C). 

[0047] When a hydraulic oil is supplied, that is, by movement to the point of piston 17A If it becomes 
the mode (coordinated mode) which sub rocker-arm 15A a rocker shaft 16 and really rotates, and carries 
out coordinated operation with main rocker-arm 14A and [referring to drawing 5 (C)] and supply of a 
hydraulic oil are severed [refer to drawing 5 (B)] - it is set up like [ which serves as the mode (mode in 
which it does not coordinate) which the sub rocker arm 1 5 can be rotated and does not carry out 
coordinated operation with main rocker-arm 14A to a rocker shaft 16 by secession from the point of 
piston 17A] 

[0048] Moreover, supply of a hydraulic oil is performed through the hydraulic-oil supply system which 
is not illustrated through oilway 16A in a rocker shaft 16. And the supply state which supplies a 
hydraulic oil, and the supply interruption state which is not supplied switch the solenoid valve (it is 
henceforth called the solenoid valve for good change valves) prepared in the hydraulic-oil supply system 
by carrying out opening-and-closing control by ECU20. 

[0049] And with this operation gestalt, it can switch now whether the sub exhaust air for catalytic- 
activity-izing is performed by controlling this solenoid valve for good change valves, and switching an 
operation and un-operating according to the degree TWC of catalyst temperature from degree sensor of 
catalyst temperature 3 A. [ of exhaust valve 4A by sub cam 13A ] Since the engine concerning 1 
operation gestalt of this invention is constituted as mentioned above, according to a flow chart as shown, 
for example in drawing 6 , control is performed periodically, and an operation mode is switched. 
[0050] First, the judgment of whether cranking was completed by the engine speed Ne inputted by Step 
S10 from the crank angle sensor 73 or the cam angle sensor 75 is performed. In an engine, combustion is 
already started, if an engine speed Ne is higher than a predetermined rotational frequency, it will be 
judged with having completed cranking and will progress to Step S20, and on the other hand, if an 
engine speed Ne is below a predetermined rotational frequency, it will judge that cranking has not 
completed and it will carry out a return. 

[0051] And by an engine's not being an idle state, if it is judged for an engine by the idle switch 74 
whether it is an idle state and the idle detecting signal P is not detected at Step S20, i.e., being judged 
with vehicles being under run and progressing to Step SI 50, if the idle detecting signal P is detected on 
the other hand, an engine will be judged to be an idle state, and it progresses to Step S30. 
[0052] And cooling water temperature TW inputted from the cooling coolant temperature sensor 71 at 
Step S30 It responds, operation mode is chosen and it is the cooling water temperature TW. Rather than 
the cooling water reference temperature TWO, at the time of a low, rich operation or strike IKIO 
operation is chosen, control of the fuel injection (main injection) according to it is performed (Step S40), 
and it progresses to Step S50. And at Step S50, whether the catalyst 6 is activated It judges with the 
degree TWC of catalyst temperature inputted from degree sensor of catalyst temperature 3 A, and the 
degree TWC of catalyst temperature is the predetermined temperature TWC0. It is judged with it already 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



11/24/2003 



Page 8 of 10 



being activated and a catalyst 6 not having the need for a temperature up, when it is above. If sub 
exhaust air is performed before it, the solenoid valve for good change valves is closed, it will be stopped 
(Step S3 10) and sub exhaust air will carry out a return. On the other hand, the degree TWC of catalyst 
temperature is the predetermined temperature TWCO. At the time of a low It is not activated but a 
catalyst 6 carries out the valve-opening drive of the solenoid valve for good change valves that it is 
judged with the ability of sufficient exhaust air purification function not to be demonstrated, and the 
temperature up of the catalyst 6 should be promptly carried out by hot exhaust gas rather than the 
exhaust gas discharged like the usual exhaust air line. Sub exhaust air is performed in the cylinder of the 
moiety of an engine (Step S60), and it progresses to Step S300. 

[0053] And at Step S300, it judges whether the temperature up of the catalyst 6 was fully carried out, 
and the degree TWC of catalyst temperature is the predetermined temperature TWCO. At the time of a 
low, it is not yet activated, but a catalyst 6 is judged as there being the need for a temperature up further, 
and the return of it is carried out, continuing sub exhaust air. On the other hand, the degree TWC of 
catalyst temperature is the predetermined temperature TWCO. When it is above, it is fully activated, and 
the need for the above temperature up is judged as there being nothing, a catalyst 6 progresses to Step 
S3 10, and sub exhaust air is stopped. 

[0054] By the way, it is the cooling water temperature TW at Step S30. When it is zero or more cooling 
water reference temperature TW, RIN operation is chosen as an operation mode at Step S70, control of 
the fuel injection (main injection) according to it is performed, and it progresses to Step S80. And at 
Step S80, the degree TWC of catalyst temperature is the predetermined temperature TWCO. When it is 
above, it is judged with the catalyst 6 already being activated, and if it seems that sub exhaust air is 
performed before it, sub exhaust air will be stopped (Step S3 10). On the other hand, the degree TWC of 
catalyst temperature is the predetermined temperature TWCO. At the time of a low, it is judged with the 
temperature up of a catalyst 6 being required, and additional fuel injection is performed in an expansion 
stroke at Step S90, further, the valve-opening drive of the solenoid valve for good change valves is 
carried out at Step SI 00, and sub exhaust air is performed in the cylinder of the moiety of an engine, and 
it progresses to Step S300. 

[0055] On the other hand, at Step S20, when an engine was not an idle state, i.e., it is judged with it 
vehicles being under run, without detecting the idle detecting signal P, according to the effective 
pressure Pe which shows an engine speed Ne and loaded condition, operation mode is chosen (Step 
S150), control of the fuel injection (main injection) according to this is performed (Step S160), and it 
progresses to Step SI 70. 

[0056] And at Step SI 70, the degree TWC of catalyst temperature is the predetermined temperature 
TWCO. If it seems that it is judged with the temperature up of a catalyst 6 being unnecessary, and sub 
exhaust air is performed when it is above, sub exhaust air will be stopped (Step S3 10), and on the other 
hand, the degree TWC of catalyst temperature is the predetermined temperature TWCO. At the time of a 
low, it is judged with the temperature up of a catalyst 6 being required, and progresses to Step SI 80. 
[0057] And at Step SI 80, about the cylinder which performs sub exhaust air, amendment of the fuel 
quantity in the next main injection is performed, after that, it progresses to Step SI 90 and the judgment 
of whether the mode of operation mode is RIN operation is performed to compensate loss of the engine 
torque by this sub exhaust air. And at Step SI 90, if it is not RIN operation, i.e., judged with their being 
strike IKIO operation or rich operation, it progresses to Step S200, and sub exhaust air will be 
performed in a half cylinder, and it will progress to Step S300. On the other hand, if it is RIN operation, 
in a half cylinder, additional fuel injection (Step S210) and sub exhaust air (Step S220) will be 
performed, and it will progress to Step S300 too after that. 

[0058] Thus, according to the exhaust air valve-action control unit of the internal combustion engine 
concerning this operation gestalt, by performing sub exhaust air at the time of strike IKIO operation 
which cannot perform additional fuel injection, and rich operation, hot exhaust gas is discharged, the 
temperature up of the catalyst 6 can be carried out at an early stage, and it can be activated. Furthermore, 
at the time of RIN operation, by performing additional fuel injection simultaneously with sub exhaust 
air, in addition to sub exhaust air, it can also set like an exhaust air line, hot exhaust gas can be 
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discharged, and there is also an advantage that a catalyst 6 can be activated more quickly. 
[0059] Furthermore, since sub exhaust air is performed independently like an exhaust air line, influence 
is not done at the valve-opening stage of exhaust valve 4A which can be set like an exhaust air line. 
Therefore, since overlap (state which both exhaust valve 4A and inlet- valve 4B opened) is not 
decreased, there is also an advantage of not causing aggravation of the inhalation-of-air efficiency of an 
engine. Moreover, since the operation stage (valve-opening timing) and the amount of operations (the 
amount of lifts) of exhaust valve 4A which was suitable for the early temperature up of a catalyst 6 by 
operating exhaust valve 4A as independently as the usual exhaust air line can be set up, there is also an 
advantage that a catalyst 6 is efficiently activable. 

[0060] And since a switch of whether sub exhaust air is performed or not to carry out can carry out in an 
instant by whether a hydraulic oil is supplied to good change valve-system 60A, the advantage of being 
good also has the responsibility of such switch operation. In addition, the exhaust air valve-action 
control unit of the internal combustion engine of this invention is not limited to an above-mentioned 
operation gestalt, can deform variously and can be carried out. 

[0061] For example, although sub exhaust air is performed at the time of rich operation or strike IKIO 
operation and it is made to perform additional fuel injection and sub exhaust air with the above- 
mentioned operation gestalt at the time of RIN operation in order to perform early activation of a 
catalyst 6, it is not concerned with the operation mode of an engine, but may be made to perform only 
sub exhaust air as an early activation means of a catalyst 6. In this case, it considers as the structure 
where a good change valve system is offered on an exhaust valve, and sub exhaust air can be performed 
only about the cylinder of the moiety of an engine, and may not be made not to perform sub exhaust air 
as structure which offered the valve gear general to an exhaust valve about the remaining moieties. 
[0062] Furthermore, a solenoid valve constitutes exhaust valve 4A, and you may enable it to perform 
sub exhaust air for exhaust valve 4A thereby as structure which can be opened and closed by arbitrary 
timing instead of using good change valve-system 60A. Moreover, you may be made to perform early 
activation of the catalyst 6 by sub exhaust air only at the time of an idle so that loss of an engine torque 
may not arise at the time of a vehicles run. 

[0063] And it is good also as immediately after ignition according the timing which starts sub exhaust 
air not to the middle of an expansion stroke but to the ignition plug 7 (compression stroke last stage), 
since [ in this case, ] combustion gas is discharged with a minute amount and a pressure is missed, just 
before it can perform the temperature up of a catalyst at an early stage more and a piston 31 goes up 
even to a top dead center (compression stroke last stage), since the hot gas under combustion is 
discharged — this timing ****-- the vertical vibration of the engine by the movement of the piston 31 
which switches from elevation to descent is reduced, and the noise by this vibration is suppressed 
[0064] Furthermore, although the above-mentioned operation gestalt has explained the case where a 
cylinder-injection-of-fuel type engine is applied, you may apply to general port injection type ENNJIN. 
However, in general port injection type ENNJIN, in order to inhale the fuel injected by the inhalation-of- 
air path into a combustion chamber 1 using an inhalation-of-air style, additional fuel injection which is 
the fuel injection in a compression stroke cannot be performed. Therefore, the means to which the 
temperature up of the catalyst 6 is carried out in this case serves as only sub exhaust air. 
[0065] 

[Effect of the Invention] As explained in full detail above, according to the exhaust air valve-action 
control unit of the internal combustion engine of this invention, there is an advantage that hot 
combustion gas (exhaust gas) is discharged and early activation of the catalyst for exhaust air 
purification can be performed, by exhausting by being after ignition and carrying out the valve-opening 
operation of the exhaust valve temporarily before an expansion-stroke end at the time of strike IKIO 
operation or rich operation (sub exhaust air). 

[0066] Furthermore, since the operation of the exhaust valve concerning sub exhaust air is performed by 
the exhaust air line apart from the operation of the exhaust valve at the time, influence is not done at the 
valve-opening stage of the exhaust valve which can be set like an exhaust air line. Therefore, there is 
also an advantage of not causing aggravation of the inhalation-of-air efficiency of an internal 
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combustion engine. Moreover, since the operation stage (valve-opening timing) and the amount of 
operations (the amount of lifts) of the exhaust valve which fitted the early temperature up of the catalyst 
for exhaust air purification by operating an exhaust valve as independently as the usual exhaust air line 
can be set up, there is also an advantage that the catalyst for exhaust air purification is efficiently 
activable. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing typically the composition of the control system in the 
exhaust air valve-action control unit of the internal combustion engine as 1 operation gestalt of this 
invention. 

[Drawing 2] It is the ** type view showing the whole internal combustion engine composition in the 
exhaust air valve-action control unit of the internal combustion engine as 1 operation gestalt of this 
invention. 

[Drawing 3] It is drawing showing the timing of the cam profile in the exhaust air valve-action control 
unit of the internal combustion engine as 1 operation gestalt of this invention, and an ignition signal, and 
the temperature in a cylinder by the relation with a piston position. 

[Drawing 4] It is the block diagram showing typically the valve gear of the exhaust air valve-action 
adjustable means in the exhaust air valve-action control unit of the internal combustion engine as 1 
operation gestalt of this invention, and an inlet valve. 

[Drawing 5] It is the ** type view of the exhaust air valve-action adjustable means in the exhaust air 

valve-action control unit of the internal combustion engine as 1 operation gestalt of this invention, and 

the perspective diagram in which (A) shows whole composition, drawing showing the state where a sub 

rocker arm does not carry out coordinated operation of the (B) with a main rocker arm with the A-A 

view cross section of (A), and (C) are drawings in which a sub rocker arm shows the state of carrying 

out coordinated operation with a main rocker arm with the A-A view cross section of ( 

[Drawing 6] It is the flow chart which shows the control in the exhaust air valve-action control unit of 

the internal combustion engine as 1 operation gestalt of this invention. 

[Description of Notations] 

3 Flueway 

4A Exhaust valve 

6 Catalyst for Exhaust Air Purification 
20 ECU (Control Means) 

60A Good change valve system (exhaust air valve-action adjustable means) 
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CLAIMS 



[Claim(s)] 

[Claim 1] When there are an exhaust air valve-action adjustable means for an exhaust air line to operate 
this exhaust valve apart from the operation of the exhaust valve at the time, and to get in the internal 
combustion engine which offered the catalyst for exhaust air purification on the flueway, and a 
temperature up demand of this catalyst for exhaust air purification, The exhaust air valve-action control 
unit of an internal combustion engine characterized by having offered the control means which are after 
ignition and control this exhaust air valve-action adjustable means that the valve-opening operation of 
this exhaust valve should be temporarily carried out before an expansion-stroke end. 
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DRAWINGS 



[Drawing 4] 

1ZA 14A.15A i4B 12B 




[Drawing 1] 
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[Drawing 3] 
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[Drawing 5] 
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[Drawing 6] 
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